ABSTRACT WESSMAN, G. E. (National Animal Disease Laboratory, Ames, Iowa). Cultivation of Pasteurella haemolytica in a chemically defined medium. Appl. Microbiol. 14:597-602. 1966.-A chemically defined medium was developed for the aerobic cultivation of Pasteurella haemolytica. Studies on the growth of strain H44L were conducted in a medium consisting of 15 amino acids, inorganic salts, citrate, nicotinamide, pantothenate, thiamine or thiamine monophosphate, and carbon sources. The amino acids were provided as L isomers, because racemic mixtures of some amino acids inhibited growth. The carbon source consisted of a mixture of 1.0% D-galactose and 0.1% D-glucose. Culture populations of strain H44L reached 2 X 1010 cells per milliliter after 16 hr of incubation at 37.5 C. Other strains of P. haemolytica, from a wide variety of sources, were tested for growth in the medium, and 23 of 24 strains grew well. Five strains of P. haemolytica var. ureae failed to grow in the medium.
Studies on the nutritional requirements of Pasteurella multocida have appeared in the literature, but little information is available on the nutrition of the closely related species, P. haemolytica. The two organisms have many common characteristics, and many of the findings on the nutrients needed by P. multocida also apply to P. haemolytica. Nevertheless, physiological differences between the species are great enough to justify separate nutritional investigations of the latter. The growth of P. haemolytica in a casein hydrolysate medium has been reported (14) . The present work concerns the cultivation of this bacterium in a chemically defined medium.
MATERIALS AND METHODS
The principal test organism was the smooth variant of P. haemolytica strain H44L employed in earlier investigations (13, 14) . Other strains of this species, plus strains of P. haemolytica var. ureae (P. ureae), were tested to determine whether they could grow in the final medium; these strains are listed in Table 3 . The strains obtained from E. L. Biberstein represent all 12 serotypes in his classification (4) .
The maintenance of strains as stock cultures, methods of conducting growth experiments, and the measurement of growth were described previously (13, 14) . Cultures were incubated at 37.5 C.
The medium was constituted as follows. All amino acids, except cysteine, were weighed out and dissolved together in distilled water by agitation and slight heating. The solution of inorganic salts and citric acid (Table 2) was added, the pH was adjusted to 7.4 with NaOH, and distilled water was added to approximately 75% of the final volume. For most experiments, this solution was autoclaved (121 C, 15 min) before sterile solutions containing Mg++, cysteine, vitamins, and carbohydrates were added; then, sterile distilled water was added to bring all constituents to correct concentrations, and appropriate volumes were dispensed aseptically into 50-ml Erlenmeyer flasks. When the effects of various concentrations of vitamins were to be tested, the amino acids and salts solutions first were placed in the flasks and sterilized; then, the combinations of Mg+, cysteine, vitamins, carbohydrates, and factors to be tested were added aseptically to the individual flasks. Stock solutions of MgSO4 7H20 (98.6 mg/ml), 25% D-galactose, and 25% D-glucose were sterilized by autoclaving. Solutions of L-cysteine hydrochloride (3.14 mg/ml), thiamine hydrochloride (500 ,g/ml). thiamine monophosphate (100 ,ug/ml), thiamine pyrophosphate (100 ,ug/ml), nicotinamide (1.0 mg/ml), and calcium pantothenate (0.5 mg/ml) were sterilized by passage through an ultrafine sinteredglass filter. All solutions were stored at S C. The vitamin solutions were made up weekly, and the cysteine solution, monthly.
The preparation of inocula was slightly modified from that previously reported (14) . Cells were transferred from blood-agar plates to Brain Heart Infusion (BHI, Difco) broth, and grown for 6 at 37.5 C. The cells were separated from 10 ml of medium by centrifugation, washed, and suspended in 10 ml of 0.85% NaCl. This suspension was diluted 1:5 in 0.85% NaCl, and 0.1 ml of this used to inoculate 10 ml of medium. The initial viable-cell count in the culture medium was 107 to 2 X 107 cells per milliliter.
REsuLTs AND DIscussIoN
Since P. haemolytica grows well in a casein hydrolysate medium, the first step in the development of a chemically defined medium was the replacement of the hydrolysate with the individual amino acid constituents of casein. All amino acids except tyrosine and cysteine were provided in amounts relative to their concentration in casein of cow's milk. The amount of tyrosine was reduced because of its low solubility; cysteine was used at the concentration employed as a supplement in the casein hydrolysate medium (14) . No growth occurred in the initial medium containing 19 amino acids, some of which were racemic mixtures.
When the DL-amino acids were replaced by the L isomers, good growth resulted. Three amino acids, methionine, phenylalanine, and valine, markedly inhibited growth, when they were present in the DL-form. Slight inhibition resulted when DL-alanine, DL-serine, or DL-valine was present in the medium. Although all the amino acids in the final medium were provided as L isomers, the DL forms of aspartic acid, leucine, lysine, threonine, and tryptophan had no detectable effect on growth. Restriction of growth in the presence of certain DL-amino acids probably resulted from competitive inhibition by the D isomers.
Minimal amino acid requirements were not completely defined, but the omission of amino acids singly resulted in growth responses which are summarized in Table 1 . Additional experiments, in which individual amino acids, or combinations of amino acids, were added to a basal group of essential amino acids, confirmed these data. No growth occurred in the absence of alanine or isoleucine. However, only hydroxyproline, methionine, serine, and either threonine or tryptophan were completely dispensable; the other amino acids were necessary for maximal growth. Even the L isomer of methionine slightly inhibited the growth of P. haemolytica, and the organism grew best when this amino acid was eliminated from the medium. The final medium included the 15 amino acids shown in Table 2 .
Thiamine monophosphate or thiamine pyrophosphate was much more efficient than thiamine in promoting growth of P. haemolytica in the casein hydrolysate medium (14) . Since the composition of this medium is not completely defined, the effect of thiamine was reinvestigated in the chemically defined medium; the cultural en- (2, 9) . Although the same general results were obtained as before, the establishment of more definitive requirements was possible in the defined medium (Fig. 1) . The amount of thiamine hydrochloride needed by the organism was 15 Ag/ml, comparable to the range of 10 to 20 ,ug/ml reported previously. Either thiamine monophosphate or thiamine pyrophosphate, at a concentration of 0.1 jug/ml, supported maximal growth; the optimal concentration for growth in the casein hydrolysate medium was between 0.01 and 0.1 ,ug/ml. The phosphorylated thiamine compounds, on a molar basis, were approximately 125 times more effective than free thiamine in promoting growth in the chemically defined medium.
Other growth-factor requirements were investigated, and the essentiality of nicotinamide and pantothenate was confirmed. Thus, the need for three vitamins, nicotinamide, pantothenate, and phosphorylated thiamine, has been well established in this work as well as in the investigation with the casein hydrolysate medium. In the only other recorded work on the nutrition of P. haemolytica, Berkman (3) would affect the growth of P. haemolytica. Quantities of 0.001 to 10 ,ug of biotin per ml of culture medium did not influence growth. Furthermore, no differences in growth were detected when organisms were transferred serially through upon glucose is followed by the slower fermentation of galactose. Supplementation of the energy source by adding glucose primarily affects initiation of growth of P. haemolytica; the effect does not resemble that of combinations of sugars or metabolic intermediates upon the multiplication of P. multocida (8) . In that case, glucose, maltose, or galactose caused growth to be inhibited, because hydrogen peroxide accumulated in the medium; added lactic acid, fructose, or sucrose counteracted the inh.bition.
Cell populations retained maximal viabilities longer if the cultural pH remained near 7.0. Generally, microbial cultures utilizing galactose maintain higher pH levels than those using glucose. This may be due to a slower rate of accumulation of acidic compounds because of slower sugar catabolism, or to qualitative differences in end products (5, 12) . The products of galactose metabolism of P. haemolytica were not determined.
Typical curves for strain H44L growing in the chemically defined medium are shown in Fig. 2 (11) , but it is generaly considered to be a variety of P. haemolytica (6, 7) .
Most strains of P. haemolytica grew well in the medium. Strains which did not produce maximal growth in the chemicaUy defined medium also grew less profusely in complex media, such as BHI, suggesting that this variance in growth is characteristic of the strain rather than a poor response in the medium. A single strain, KC282, grew sparsely in the medium even when the inoculum was increased to 0.5 ml per flask.
Smith (10) classified strains of P. haemolytica from sheep into two types, A and T, on the basis of colonial morphology, fermentation reactions, growth curves, and sensitivity to antibiotics. Type A strains were associated with enzootic pneumonia and type T strains with a septicemic disease. Two type A strains (S-209 and B527) grew well in the chemically defined medium; two type T strains (B539 and B542) grew less profusely and developed aggregates of cells.
None of the five isolates of P. haemolytica var. ureae grew in the medium. Although these organisms possess most characteristics which delineate P. haemolytica as a species, nutritional differences between the two obviously exist. These urease-positive bacteria have requirements for nutrients not provided in the chemically defined medium.
The medium supported relatively heavy growth of a large number of strains of P. haemolytica. Cellular yields of strain H44L were high (2 X 1010 cells per milliliter); these yields were better than those obtained in the casein hydrolysate medium, and only slightly less than yields in complex media. Turbidity readings indicated that more than one-half of the other strains of P. haemolytica tested produced similar yields, and that the numbers of cells produced by all remaining strains, except KC282, were greater than 5 x 109 cells per milliliter. Since growth of microorganisms in chemically defined media is often only a small fraction of that obtained in semidefined or complex media, the medium described in this investigation must be considered to be quite adequate for the propagation of P. haemolytica.
